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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  tissue  me- 
tabolism  measuring  apparatus  and  particularly  to  a 
tissue  metabolism  measuring  apparatus  for  mea- 
suring,  in  a  non-invasive  manner,  changes  in  an 
oxygenated  state  of  hemoglobin  or  a  quantity  of 
blood  in  an  organ  or  other  parts  of  a  human  body 
or  an  animal  body  as  well  as  changes  in  an 
oxidation-reduction  action  of  cytoplasmic  cytoch- 
rome. 

Description  of  the  Prior  Art 

Fig.  1  is  a  diagram  showing  a  conventional 
apparatus  for  measuring  a  metabolic  action  in  a 
bodily  organ.  Figs.  2  and  3  are  diagrams  showing 
an  optical  path  of  light  detected  in  the  conventional 
measuring  apparatus. 

The  apparatus  shown  in  Fig.  1  is  described  in 
Japanese  Patent  Laying-Open  Gazette  No. 
115232/1982.  In  this  apparatus  of  Fig.  1,  a  near 
infrared  light  source  1  emits  alternately  near  in- 
frared  rays  of  different  wavelengths.  Each  of  those 
near  infrared  rays  passes  through  the  head  3  of  a 
human  body  by  means  of  an  optical  fiber  2  so  that 
a  detection  system  4  measures  intensity  of  the  ray. 
A  controller  5  controls  transmitting  speeds  and 
order  of  monochromatic  flashes  and  demodulates  a 
detected  optical  signal.  A  feedback  controller  6 
maintains  constant  the  optical  signal  detected 
based  on  one  wavelength  by  negative  feedback 
control  of  a  detection  sensitivity  and  compensates 
for  a  change  in  transmittance  caused  by  a  change 
in  a  quantity  of  blood  of  the  organ  detected  during 
a  fluoroscoping  period.  An  output  control  circuit  7 
outputs  a  feedback  voltage  blood  quantity  indicat- 
ing  signal  simultaneously  with  reception  of  refer- 
ence  and  measuring  signals. 

The  above  described  apparatus  shown  in  Fig.  1 
applies  light  of  a  range  of  700  nm  to  1300  nm  to 
the  head  3  and  detects  light  transmitted  through 
the  head  3  so  as  to  observe  a  change  in  an 
oxygenated  state  of  hemoglobin  or  a  quantity  of 
blood  in  the  brain  as  well  as  a  change  in  an 
oxidation-reduction  action  of  cytoplasmic  cytoch- 
rome.  This  operation  is  performed  by  making  use 
of  the  fact  that  deoxygenated  hemoglobin  has  a 
small  peak  of  about  760  nm  with  an  isosbestic 
point  of  hemoglobin  of  805  nm  being  used  as  a 
reference  wavelength  or  the  fact  that  an  absorber 
dependent  on  oxygen  of  cytochrome  aa3  exists  in 
a  wavelength  range  of  700  nm  to  1300  nm.  In 
addition,  Japanese  Patent  Laying-Open  Gazette 

No.  72542/1985  describes  an  optical  CT  apparatus 
in  which  a  bonded  state  between  oxygen  mol- 
ecules  such  as  hemoglobin  or  myoglobin  in  a  body 
and  oxygen  of  protein  can  be  observed  quantita- 

5  tively  in  a  two-demensional  distribution  by  utilizing 
light  of  the  wavelength  range  and  absorbing  prop- 
erty  thereof  in  the  same  manner  as  described 
above  and  oxygen  density  of  cytocondria  can  be 
observed  in  a  two-demensional  distribution  based 

io  on  an  oxidized  and  reduced  state  of  cytochrome  or 
the  like  as  a  constituent  of  a  respiratory  chain. 

However,  if  light  of  the  range  of  700  nm  to 
1300  nm  has  a  higher  transmittance  through  a 
body  than  that  of  light  in  the  visible  radiation  range 

75  and  if  it  is  applied  to  the  body  whereby  the  trans- 
mitted  light  thereof  is  detected,  the  incident  light  is 
immediately  scattered  and  absorbed  in  the  body 
because  the  wavelength  thereof  is  short  compared 
with  the  size  of  hemoglobin,  and  it  follows  that  the 

20  detected  light  is  only  a  component  of  diffused  light. 
This  is  described  for  example  in  "Optical  Diffusion 
in  Blood"  by  C.  Johnson  in  IEEE  TRANSACTION 
ON  BIO-MEDIAL  ENGINEERING  Vol.  BME-17  No. 
2,  1970,  pp.  129-133. 

25  More  specifically,  as  shown  in  Fig.  2,  if  light 
irradiated  into  the  body  is  detected  by  a  detector  9, 
the  light  detected  by  the  detector  9  includes  not 
only  light  passing  through  an  optical  path  10a  as  a 
straight  line  connecting  the  incident  point  and  the 

30  detector  9  but  also  light  scattered  or  diffused  and 
passing  through  optical  paths  10b  and  10c  other 
than  the  optical  path  10a.  Thus,  when  the  transmit- 
ted  light  is  detected,  the  path  through  which  the 
detected  light  has  passed  in  the  body  cannot  be 

35  specified.  For  example,  the  apparatus  shown  in  Fig. 
1  only  makes  it  possible  to  obtain  information  of 
the  whole  region  subjected  to  the  measurement  or 
an  area  corresponding  to  a  considerably  wider  op- 
tical  path  (shown  as  the  hatched  portion  in  Fig.  3) 

40  than  the  optical  path  10a  as  the  straight  line  con- 
necting  the  incident  point  and  the  detector  9,  as 
shown  in  Fig.  3.  Information  of  such  a  wide  range 
is  useless  for  a  clinical  diagnosis  of  an  organic 
disturbance  such  as  a  disturbance  of  blood  circula- 

45  tion  in  a  body  or  a  condition  thereof  because  the 
location  of  the  disturbance  is  an  important  concern. 

SUMMARY  OF  THE  INVENTION 

50  Therefore,  a  primary  object  of  the  present  in- 
vention  is  to  provide  a  tissue  metabolism  measur- 
ing  apparatus  capable  of  measuring  tissue  metabo- 
lism  such  as  a  blood  circulation  condition  or  a 
respiration  condition  at  a  precisely  determined  po- 

55  sition  based  on  detection  of  only  light  of  a  compo- 
nent  straight  advancing  along  a  line  connecting  an 
incident  point  of  light  and  a  detecting  portion. 

Briefly  stated,  the  apparatus  of  the  present 
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invention  is  operated  in  the  following  manner.  Rays 
of  ultrashort  light  pulses  of  different  wavelengths 
are  emitted  from  a  light  source  and  those  rays  are 
branched  as  a  reference  beam  and  a  sample 
beam.  Either  the  reference  beam  or  the  sample 
beam  is  delayed  and  the  sample  beam  having 
passed  through  a  body  and  the  reference  beam  are 
collected.  A  second  harmonic  is  generated  based 
on  the  collected  light.  Upon  detection  of  the  sec- 
ond  harmonic,  measurement  evaluation  means 
counts  photons  of  the  detected  second  harmonic 
and  the  count  values  are  averaged  for  a  predeter- 
mined  number  of  counting  cycles  whereby  an  aver- 
age  value  is  obtained.  A  delay  amount  of  either  the 
sample  beam  or  the  reference  beam  is  changed 
based  on  the  average  value.  The  photon  average 
value  is  determined  and  stored  for  the  count  value 
of  photons  of  the  second  harmonic  obtained  when 
the  delay  amount  of  the  beam  with  respect  to  the 
other  non-delayed  beam  is  zero.  The  tissue  metab- 
olism  of  the  body  is  evaluated  and  outputted  based 
on  the  photon  average  value  of  each  wavelength. 
Consequently,  scattered  components  in  the  beam 
transmitted  through  the  body  can  be  removed  and 
only  the  component  straight  advancing  in  the  body 
can  be  detected.  Thus,  more  accurate  position 
information  can  be  obtained  at  the  time  of  detect- 
ing  information  of  the  body  by  using  the  transmit- 
ted  beam. 

These  objects  and  other  objects,  features,  as- 
pects  and  advantages  of  the  present  invention  will 
become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  diagram  showing  a  construction  of  a 
conventional  apparatus  for  measuring  tissue  metab- 
olism  in  a  bodily  organ. 

Figs.  2  and  3  are  diagrams  showing  optical 
paths  of  light  detected  in  a  conventional  apparatus. 

Fig.  4  is  a  diagram  for  explaining  a  principle  of 
the  present  invention. 

Fig.  5  is  a  diagram  showing  an  example  of  an 
ultrashort  light  pulse  applied  to  a  tissue  metabolism 
measuring  apparatus  shown  in  Fig.  4. 

Fig.  6  is  a  waveform  diagram  showing  a  refer- 
ence  light  pulse,  a  light  pulse  transmitted  through  a 
body,  and  a  second  harmonic  of  those  pulses. 

Fig.  7  is  a  waveform  diagram  for  explaining 
measurement  of  S(t)  with  respect  to  delay  time  of 
the  second  harmonic. 

Fig.  8  is  a  waveform  diagram  for  explaining 
operation  for  evaluating  S(t)  by  a  photon  counter 
shown  in  Fig.  4. 

Fig.  9  is  a  diagram  showing  a  construction  of 
an  embodiment  of  the  present  invention. 

Fig.  10  is  a  block  diagram  of  a  photon  counter 
shown  in  Fig.  9. 

Fig.  11  is  a  schematic  block  diagram  of  a 
controller  shown  in  Fig.  9. 

5  Fig.  12  is  a  flow  chart  for  explaining  operation 
of  the  embodiment  of  Fig.  9. 

Fig.  13  is  a  schematic  block  diagram  of  an- 
other  embodiment  of  the  present  invention. 

Fig.  14  is  an  illustration  showing  a  state  in 
io  which  a  scanner  is  attached  to  the  head  of  a 

human  body. 
Fig.  15  is  a  sectional  view  of  a  main  portion  of 

the  scanner. 
Fig.  16  is  a  diagram  for  explaining  a  sample 

is  light  pulse  transmitted  by  the  scanner. 
Fig.  17  is  a  flow  chart  for  explaining  concrete 

operation  of  the  embodiment  of  Fig.  13. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
20  MENTS 

First,  referring  to  Figs.  4  to  7,  a  principle  of  the 
present  invention  will  be  described.  In  the  respec- 
tive  embodiments  of  the  present  invention,  ultra- 

25  short  pulses  of  high  repeat  frequency  are  used. 
Such  ultrashort  pulses  of  high  repeat  frequency  are 
obtained  for  example  in  the  following  manner.  A 
semiconductor  laser  is  used  to  generate  light 
pulses  having  a  repeat  frequency  of  1  GHz  and  a 

30  half  duration  of  several  tens  of  or  several  p  sec  (p 
sec  =  10-12  sec).  For  example,  the  ultrashort  light 
pulses  shown  in  Fig.  5  have  an  interval  of  10-19 
sec  and  109  pulses  per  second  are  generated. 
Such  light  pulses  can  be  obtained  not  only  by  a 

35  semiconductor  laser  but  also  by  a  pigment  laser  or 
the  like. 

The  ultrashort  light  pulses  are  branched 
through  a  half  mirror  11  as  reference  light  pulses 
applied  in  a  straight  advancing  direction  and  sam- 

40  pie  light  pulses  applied  in  a  direction  perpendicular 
to  that  of  the  reference  light  pulses.  The  sample 
light  pulses  are  reflected  on  a  mirror  12  and  ap- 
plied  to  a  body  13  as  an  object  to  be  measured. 
The  light  pulses  transmitted  through  the  body  are 

45  reflected  on  mirrors  14  and  15  and  guided  to  a  lens 
16. 

On  the  other  hand,  the  reference  light  pulses 
are  reflected  on  a  mirror  19  and  are  guided  to  a 
delay  path  21.  Then,  they  are  reflected  on  a  mirror 

50  20  and  enter  the  lens  16  similarly  to  the  transmit- 
ted  light  pulses.  The  delay  path  21  may  be  a 
combination  of  two  mirrors  as  shown  in  Fig.  4  or  it 
may  be  a  prism,  a  corner  cube  or  the  like.  Opera- 
tion  of  the  delay  path  21  will  be  described  later. 

55  The  lens  16  collects  the  transmitted  light  pulses 
and  the  reference  light  pulses  so  that  they  enter  a 
non-linear  optical  crystal  17. 

The  reference  light  pulses  and  the  transmitted 

3 
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light  pulses  before  they  enter  the  non-linear  optical 
crystal  17  have  waveforms  as  shown  in  Fig.  6. 
More  specifically,  the  reference  light  pulses  have  a 
slightly  reduced  power  compared  with  the  ultra- 
short  light  pulses  shown  in  Fig.  5  but  they  have  the 
same  pulse  duration  as  that  of  the  ultrashort  light 
pulses  shown  in  Fig.  5.  On  the  other  hand,  the 
transmitted  light  pulses  have  a  power  extremely 
reduced  by  the  transmission  through  the  body  13. 
In  addition,  as  described  previously  with  reference 
to  Fig.  2,  beams  transmitted  through  the  optical 
paths  10b  and  10c  other  than  the  straight  advan- 
cing  path  10a  are  detected  and  accordingly  the 
pulse  duration  of  the  ultrashort  light  pulses  shown 
in  Fig.  5  cannot  be  maintained,  resulting  in  a 
waveform  trailing  backward.  It  can  be  determined 
however  that  the  rising  part  of  each  transmitted 
pulse  represents  only  the  component  of  the  beam 
transmitted  through  the  straight  advancing  path  10a 
shown  in  Fig.  2.  This  is  because  the  straight  advan- 
cing  path  10a  has  the  shortest  distance  among  the 
optical  paths  in  the  body  13  and  enables  the  beam 
therethrough  to  attain  the  detector  9  fastest.  Thus, 
application  of  such  pulse  having  a  rapid  rise  time 
as  the  ultrashort  light  pulses  makes  it  possible  to 
select  and  detect  only  the  straight  advancing  com- 
ponent. 

The  non-linear  optical  crystal  17  is  used  to 
detect  only  the  straight  advancing  component.  The 
crystal  17  is  a  crystal  of  UIO3,  KDP  or  the  like. 
When  the  reference  light  pulses  and  the  transmit- 
ted  light  pulses  enter  the  crystal  17,  it  generates  a 
second  harmonic.  Power  S  of  the  second  harmonic 
is  represented  as  a  function  of  a  delay  time  t 
corresponding  to  the  distance  of  the  delay  path  21 
of  Fig.  4.  Assuming  that  the  reference  light  pulses 
are  Ir  and  that  the  transmitted  pulses  are  Is,  the 
power  S  is  represented  as  follows: 

S(t)  ~  ls(t)lr(t-T)dt  (1) 

Consequently,  S(t)  is  proportional  to  a  value 
obtained  by  integration  of  a  product  of  ls(t)  and  lr(t- 
t).  It  is  of  importance  that  even  if  the  transmitted 
light  pulses  are  considerably  attenuated  in  the 
body  13  (according  to  the  results  of  the  real  mea- 
surement,  they  are  attenuated  to  10-9  of  the  power 
of  incident  light  in  the  head  of  a  rat)  and  becomes 
pulses  of  very  weak  light,  the  output  S  of  the 
second  harmonic,  which  is  the  integration  value  of 
the  product  of  the  transmitted  light  pulses  and  the 
reference  light  pulses,  can  be  reliably  detected 
because  the  reference  light  pulses  have  a  large 
intensity. 

The  t  in  the  above  indicated  equation  (1)  re- 
presents  the  delay  time  corresponding  to  the  dis- 
tance  through  the  delay  path  21  shown  in  Fig.  4,  as 
described  above.  More  specifically,  the  delay  time 

is  a  value  obtained  by  dividing  a  difference  in  the 
distances  along  the  optical  paths  of  the  reference 
light  pulses  and  the  transmitted  light  pulses  from 
the  half  mirrors  11  to  the  crystal  17,  by  light 

5  velocity.  The  value  t  is  0  when  the  reference  light 
pulses  and  the  transmitted  light  pulses  arrive  at  the 
crystal  17  simultaneously  as  shown  in  Fig.  7.  The 
reference  light  pulses  are  delayed  with  respect  to 
the  sample  light  pulses  as  the  delay  path  21  is 

10  changed.  In  other  words,  since  the  output  S  is  the 
function  of  the  t,  a  waveform  as  shown  in  (c)  of 
Fig.  6  can  be  observed  if  the  delay  path  21  is 
changed.  In  this  case,  the  rising  part  of  the  sample 
light  pulse  represents  the  straight  advancing  com- 

15  ponent  when  t  =  0.  Accordingly,  the  value  of  S(0) 
corresponds  to  only  the  straight  advancing  compo- 
nent  and  if  it  is  detected,  the  components  of  the 
light  scattered  through  the  paths  10b  and  10c  in 
the  body  as  shown  in  Fig.  2  can  be  removed.  Thus, 

20  only  the  component  10a  of  the  straight  advancing 
light  can  be  detected. 

The  second  harmonic  outputted  from  the  cry- 
stal  17  is  emitted  in  a  direction  along  a  medium 
line  of  the  incident  angles  of  the  reference  light 

25  pulses  and  the  transmitted  light  pulses  as  shown 
by  the  dotted  line  in  Fig.  4.  A  wavelength  of  the 
second  harmonic  is  1/2  of  the  wavelength  of  the 
ultrashort  light  pulses  shown  in  Fig.  5.  The  second 
harmonic  is  transmitted  through  a  filter  18  and 

30  applied  to  a  photomultiplier  22.  The  filter  18  per- 
mits  transmission  of  only  a  component  of  the 
wavelength  of  the  second  harmonic.  Accordingly, 
the  photomultiplier  22  detects  only  the  component 
of  the  second  harmonic  to  output  photons. 

35  Fig.  8  is  a  waveform  diagram  for  explaining 
operation  for  evaluating  the  value  S(t)  by  a  photon 
counter  shown  in  Fig.  4. 

Referring  to  Fig.  8,  operation  of  the  photon 
counter  shown  in  Fig.  4  will  be  described.  The 

40  photon  counter  23  is  operated  as  shown  in  Fig.  8  to 
obtain  a  stable  output,  whereby  the  value  S(t)  is 
detected.  More  specifically,  the  delay  path  21  is 
provided  in  a  predetermined  position  and  the  pho- 
ton  counter  23  counts  photons  outputted  from  the 

45  photomultiplier  22  at  counting  cycles  as  shown  in 
(b)  of  Fig.  8.  In  this  case,  photons  are  counted  for 
each  period  in  which  five  ultrashort  light  pulses 
pass  through  the  body  13  for  example,  as  shown  in 
(a)  of  Fig.  8.  The  number  of  light  pulses  to  be  set 

50  for  each  counting  cycle  depends  on  sensitivity  for 
detecting  S(t).  The  larger  is  the  number,  the  higher 
is  the  sensitivity. 

The  process  of  counting  of  photons  is  as 
shown  in  (c)  of  Fig.  8.  When  the  count  output  of 

55  photons  is  sampled  by  a  sample-and-hold  signal  as 
shown  in  (d)  of  Fig.  8,  a  sample  output  as  shown  in 
(e)  of  Fig.  8  is  obtained.  This  output  corresponds  to 
the  count  value  of  photons  for  each  counting  cycle. 

4 
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Those  sample  outputs  are  shown  in  a  manner 
enlarged  with  respect  to  the  time  in  (f)  of  Fig.  8, 
where  an  average  of  five  sample  outputs  for  exam- 
ple  is  evaluated  as  S(t),  so  that  a  stable  value  of  S- 
(t)  is  detected.  Needless  to  say,  the  number  of  the 
outputs  to  be  averaged  is  not  limited  to  five  and  it 
is  determined  dependent  on  the  stability  and  the 
sensitivity  of  the  apparatus. 

If  the  delay  path  21  of  Fig.  4  is  changed  and 
the  delay  time  of  the  reference  light  pulses  is 
changed  to  obtain  S(t),  the  output  as  shown  in  (g) 
of  Fig.8  is  obtained.  This  value  of  S(0)  is  detected 
as  the  straight  advancing  component.  Although 
such  processing  seems  to  require  much  time,  the 
processing  speed  for  evaluating  S(t)  is  as  fast  as 
described  below.  Assuming  that  the  light-pulses 
have  the  conditions  of  1  GHz  and  10p  sec  for 
example  since  they  are  ultrashort  light  pulses  of 
high  repeat  frequency,  the  time  required  for  evalu- 
ating  S(t)  with  respect  to  a  certain  value  of  t  is 
represented  in  this  example  by  the  following  equa- 
tion. 

10-9  sec  x  5  x  5  =  2.5  x  10-8  sec  =  25n  sec 

If  S(t)  is  obtained  with  50  plots,  the  time  required 
is  represented  as  follows: 
50  x  25n  sec  =  1  .25  usee 
In  principle,  S(t)  can  be  detected  with  the  above 
indicated  speed.  However,  in  practice,  a  time  of 
about  1m  sec  is  required  because  the  speed  is 
decreased  due  to  limitations  in  the  photon  counting 
rate  of  the  photomultiplier  22  and  the  bandwidth  of 
a  preamplifier  provided  adjacent  thereto  or  because 
a  time  is  required  for  mechanically  setting  the 
delay  path  21  . 

Fig.  9  is  a  block  diagram  showing  the  entire 
construction  of  an  embodiment  of  the  present  in- 
vention.  Fig.  10  is  a  concrete  block  diagram  of  a 
photon  counter  52  shown  in  Fig.  9.  Fig.  11  is  a 
concrete  block  diagram  of  a  controller  shown  in 
Fig.  9. 

Referring  to  Figs.  9  to  11,  the  construction  of 
this  embodiment  will  be  described  in  detail.  As 
shown  in  Fig.  11,  the  controller  53  comprises  a 
CPU  531  ,  a  ROM  532,  a  RAM  533  and  light  source 
driving  portions  534  to  536.  The  ROM  532  contains 
a  program  based  on  a  flow  chart  shown  in  Fig.  12 
to  be  described  later.  The  CPU5  31  executes  eval- 
uation  processing  based  on  the  program  supplied 
from  the  ROM  532,  so  that  data  obtained  by  the 
evaluation  processing  is  supplied  to  the  RAM  533. 
The  light  source  driving  portions  534  to  536  drive 
light  sources  31  to  33,  respectively,  shown  in  Fig. 
9.  The  light  sources  31  to  33  generate  ultrashort 
light  pulses  of  high  repeat  frequency  having 
wavelengths  X1  ,  X2  and  X3.  A  pulse  duration  and  a 
repeat  frequency  of  each  wavelength  are  controlled 

by  the  CPU  531  so  as  to  be  predetermined  values. 
More  specifically,  the  light  sources  31  to  33  each 
have  a  shutter  and  the  CPU  531  drive  the  respec- 
tive  shutters  by  means  of  the  light  source  driving 

5  portions  534  to  536. 
The  example  shown  in  Fig.  9  is  in  principle  the 

same  as  that  of  Fig.  4,  except  that  optical  fibers  38, 
39  and  43  are  provided  in  the  example  of  Fig.  9  in 
place  of  the  half  mirror  11,  and  the  mirrors  12,  14 

io  and  15  in  Fig.  4.  Ultrashort  light  pulses  generated 
from  the  light  source  31  enter  a  lens  37  through  a 
mirror  34  and  half  mirrors  35  and  36.  Ultrashort 
light  pulses  generated  from  the  light  source  32 
enter  the  lens  37  through  the  half  mirrors  35  and 

is  36.  Ultrashort  light  pulses  generated  from  the  light 
source  33  enter  the  lens  37  through  the  half  mirror 
36. 

Ultrashort  light  pulses  of  the  different 
wavelengths  X1  ,  X2  and  X3  having  entered  the  lens 

20  37  are  branched  as  sample  light  pulses  and  refer- 
ence  light  pulses  through  the  optical  fibers  38  and 
39,  respectively,  and  the  ultrashort  light  pulses 
branched  through  the  optical  fiber  38  pass  through 
a  lens  40  to  enter  a  living  body  41  .  The  light  pulses 

25  transmitted  through  the  body  41  are  collected  by  a 
lens  44  through  a  lens  42  and  the  optical  fiber  43 
so  as  to  enter  a  crystal  45. 

On  the  other  hand,  the  reference  light  pulses 
branched  through  the  optical  fiber  39  are  delayed 

30  in  a  delay  path  50  through  a  lens  47  and  a  mirror 
48.  Then,  they  are  reflected  on  a  mirror  49  to  enter 
the  lens  44.  The  reference  light  pulses  and  the 
transmitted  light  pulses  collected  by  the  lens  44 
enter  the  crystal  45,  by  which  a  second  harmonic 

35  is  generated.  The  second  harmonic  thus  generated 
enter  a  photomultiplier  51  through  a  filter  46.  An 
output  of  the  photomultiplier  51  is  supplied  to  a 
photon  counter  52. 

The  photon  counter  52  comprises  a  pulse  am- 
40  plifier  521  ,  a  peak  value  discriminator  552,  a  pulse 

counter  523  and  a  preset  timer  524,  as  shown  in 
Fig.  10.  The  pulse  amplifier  521  amplifies  the  out- 
put  of  the  photomultiplier  51  and  the  peak  value 
discriminator  552  discriminates  a  peak  value  of  the 

45  output  of  the  pulse  amplifier  521  and  supplies  the 
discriminated  pulse  signal  to  the  pulse  counter  523. 
The  pulse  counter  523  counts  the  number  of  pulse 
signals  of  the  discriminated  peak  value  in  a  period 
set  by  the  preset  timer  524.  An  output  of  the 

50  photon  counter  52  is  supplied  to  the  controller  53 
and  it  is  also  used  to  control  a  delay  time  through 
the  delay  path  50.  The  controller  53  evaluates  the 
above  described  value  of  S(0)  based  on  the  output 
of  the  photon  counter  52  and  evaluates  a  quantity 

55  of  hemoglobin  in  the  body  41,  an  oxygenation 
degree  of  hemoglobin  and  an  oxidation-reduction 
degree  of  Cyt.  Those  values  are  printed  by  a 
printer  54  and  displayed  by  a  display  device  55. 

5 
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Fig.  12  is  a  flow  chart  for  explaining  operation 
of  this  embodiment. 

Referring  to  Figs.  9  to  12,  concrete  operation  of 
this  embodiment  will  be  described.  In  the  step 
SP1,  the  CPU  531  sets  the  repeat  frequencies  of 
the  light  pulses  having  the  wavelengths  X1  ,  X2  and 
X3  generated  from  the  light  sources  31  to  33  and 
supplies  the  set  signals  to  the  light  source  driving 
portions  534  to  536.  Further,  the  CPU  531  sets  an 
initial  preset  time  of  the  preset  timer  524  for  the 
photon  counter  52. 

Then,  in  the  step  SP3,  the  CPU  531  opens  the 
shutter  included  in  the  light  source  31  by  the  light 
source  driving  portion  534  to  generate  ultrashort 
light  pulses  of  the  wavelength  X1  .  In  the  step  SP4, 
a  delay  time  through  the  delay  path  50  is  set  by 
the  photon  counter  52.  In  this  step,  the  photon 
counter  52  counts  photons  in  a  period  when  the 
ultrashort  light  pulses  of  the  wavelength  X1  pass 
through  the  body  13,  and  supplies  the  count  output 
to  the  CPU  531.  The  CPU  531  stores  S1(t)  in  the 
RAM  533  in  the  step  SP5  and  determines  in  the 
step  SP6  whether  S1(t)  is  S1(0)  or  not.  The  CPU 
531  repeats  the  operations  of  the  steps  SP4  to  SP6 
until  S1(t)  becomes  S1(0).  When  the  CPU  531 
determines  that  S1(t)  is  S1(0),  it  stores  the  value 
S1(0)  in  the  RAM  53  in  the  step  SP7. 

Further  in  the  step  SP8,  the  CPU  531  opens 
the  shutter  included  in  the  light  source  32  by  the 
light  source  driving  portion  535  to  generate  ul- 
trashort  light  pulses  of  the  wavelength  X2.  In  the 
step  SP9,  the  CPU  531  sets  a  delay  time  through 
the  delay  path  50  by  means  of  the  photon  counter 
52  and  in  the  step  SP10,  it  stores  S2(t)  outputted 
from  the  photon  counter  52  in  the  RAM  533.  Sub- 
sequently  in  the  step  SP11,  the  CPU  531  deter- 
mines  whether  S2(t)  is  S2(0)  or  not.  If  it  is  not  S2- 
(0),  the  CPU  531  repeats  the  operations  of  the 
steps  SP9  to  SP1  1  .  When  it  is  determined  that  S2- 
(t)  is  S2(0),  the  CPU  531  stores  the  value  S2(0)  in 
the  RAM  533  in  the  step  SP12. 

In  the  same  manner,  the  CPU  531  opens  the 
shutter  included  in  the  light  source  33  by  the  light 
source  driving  portion  536  to  generate  ultrashort 
light  pulses  of  the  wavelength  X3.  In  the  step  SP14, 
the  CPU  531  sets  a  delay  time  through  a  delay 
path  50  by  means  of  the  photon  counter  52.  Then, 
in  the  step  SP15,  the  CPU  531  stores  S3(t)  output- 
ted  from  the  photon  counter  52  in  the  RAM  533  in 
the  step  SP16,  it  determines  whether  the  output 
S3(t)  is  S3(0)  or  not.  If  it  is  not  S3(0),  the  CPU  531 
repeats  the  steps  SP14  to  SP16.  If  it  is  determined 
that  the  output  is  S3(0),  the  CPU  531  stores  the 
output  S3(0)  in  the  RAM  533  in  the  step  SP17.  The 
CPU  531  evaluates  the  quantity  of  hemoglobin 
(SO2)  in  the  body  41,  the  oxygenation  degree  (Hb) 
of  hemoglobin  and  the  oxidation-reduction  degree 
of  Cyt  (Cytaa3)  based  on  the  values  S1(0),  S2(0) 

and  S3(0)  stored  in  the  RAM  533.  In  the  step  SP19, 
the  results  of  the  evaluation  are  printed  by  the 
printer  54  and  displayed  on  the  display  device  55. 

Fig.  13  is  a  block  diagram  showing  another 
5  embodiment  of  the  present  invention.  Fig.  14  is  a 

view  showing  a  state  in  which  a  scanner  portion  is 
put  on  the  head  of  a  person  to  be  examined.  Fig. 
15  is  a  sectional  view  of  the  scanner  portion.  Fig. 
16  is  a  diagram  showing  an  irradiation  state  of  light 

10  applied  from  the  scanner  portion. 
Referring  to  Figs.  13  to  16,  construction  of  this 

embodiment  will  be  described.  A  CPU  64  is  con- 
nected  through  a  data  bus  82  with  a  ROM  65,  a 
RAM  66,  a  display  device  67,  a  printer  68,  a  light 

15  source  driving  portion  63  and  shutter  driving  cir- 
cuits  69  and  70.  The  CPU  64,  the  ROM  65,  the 
RAM  66,  the  display  device  67,  the  printer  68  and 
the  light  source  driving  portion  63  are  identical  to 
those  described  above  in  connection  with  Fig.  4. 

20  The  light  source  driving  portion  63  is  connected 
with  light  sources  621  to  623  for  generating  ul- 
trashort  light  pulses  having  wavelengths  X1  to  X3, 
respectively.  The  ultrashort  light  pulses  generated 
by  the  light  sources  621  to  623  are  supplied  to  an 

25  optical  branching  portion  85. 
The  optical  branching  portion  85  is  connected 

with  an  optical  fiber  as  a  reference  light  path  79 
and  is  also  connected  with  optical  fibers  as  sample 
light  transmitting  paths  801  to  80n  for  guiding  dif- 

30  ferent  sample  light  pulses.  Shutters  611  to  61  n  are 
provided  at  intermediate  points  of  those  sample 
light  paths  801  to  80n.  When  any  of  those  shutters 
611  to  61  n  is  opened,  sample  light  pulses  are 
guided  in  the  sample  light  path  corresponding 

35  thereto.  Ends  of  the  sample  light  transmitting  paths 
801  to  80n  are  connected  to  the  scanner  portion 
51. 

The  scanner  portion  51  can  be  put  for  example 
on  the  head  of  a  person  subjected  to  the  measure- 

40  ment  as  shown  in  Fig.  14.  It  is  ring-shaped  in 
section  and  it  includes  n  cells  511  to  51  n  provided 
at  predetermined  intervals  on  its  inner  surface.  The 
cells  511  to  51  n  is  connected  with  the  ends  of  the 
sample  light  transmitting  paths  80i  (i  =  1  to  n)  and 

45  a  top  end  of  each  cell  is  provided  with  a  collecting 
lens  83i.  The  sample  light  pulses  are  collected  by 
the  collecting  lens  83i  so  as  to  be  applied  with  a 
predetermined  angle  6  to  an  organ  of  the  head  of 
the  examined  person. 

50  Ends  of  sample  light  receiving  paths  811  to 
81  n  are  provided  in  the  cells  511  to  51  n,  respec- 
tively,  opposed  to  the  organ.  Each  end  is  provided 
with  a  collimator  lens  84i.  The  sample  light  pulses 
transmitted  through  the  body  are  received  by  the 

55  collimator  lens  84i  so  as  to  be  guided  to  the 
collecting  lens  75  through  the  corresponding  one  of 
the  sample  light  receiving  paths  811  to  81  n.  Shut- 
ters  821  to  82n  are  provided  at  intermediate  points 

6 
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of  the  sample  light  receiving  paths  811  to  81  n. 
The  reference  light  pulses  branched  by  the 

branching  portion  85  are  guided  to  the  collecting 
lens  75  through  the  delay  path  78  from  the  refer- 
ence  light  path  79.  The  collecting  lens  75  collects 
the  reference  light  pulses  and  the  sample  light 
pulses  so  that  those  collected  pulses  enter  a  non- 
liner  optical  crystal  74.  The  non-linear  optical  cry- 
stal  74  generates  a  second  harmonic  according  to 
the  sample  light  pulses  and  the  reference  light 
pulses,  and  the  second  harmonic  is  supplied  to  a 
photomultiplier  72  through  a  filter  73.  An  output  of 
the  photomultiplier  72  is  supplied  to  a  photon  coun- 
ter  71.  The  photon  counter  71  is  the  same  as  the 
photon  counter  52  shown  in  Fig.  10. 

The  shutters  611  to  61  n  provided  in  the  sample 
light  transmitting  paths  801  to  80n  are  driven  by 
the  shutter  driving  circuit  69,  while  the  shutters  821 
to  82n  provided  in  the  sample  beam  receiving 
paths  811  to  81  n  are  driven  by  the  shutter  driving 
circuit  70. 

Fig.  17  is  a  flow  chart  for  explaining  concrete 
operation  of  this  second  embodiment. 

Referring  to  Figs.  14  to  17,  the  operation  of  this 
embodiment  will  be  described  in  detail.  First,  the 
CPU  64  sets  a  constant  k  to  1  in  the  step  SP21. 
This  constant  k  is  used  to  designate  any  of  the 
shutters  611  to  61  n  provided  in  the  sample  light 
transmitting  paths  801  to  80n.  When  the  CPU  64 
sets  the  constant  k  =  1  ,  the  shutter  driving  circuit 
69  opens  the  shutter  61  1  in  the  step  SP22. 

Then,  in  the  step  SP23,  the  CPU  64  sets  a 
constant  i  to  1  .  This  constant  i  is  used  to  designate 
generation  of  the  ultrashort  light  pulses  of  the 
wavelength  X1  .  When  the  CPU  64  sets  the  constant 
i  =  1  ,  the  light  source  driving  portion  63  generates 
the  ultrashort  light  pulses  of  the  wavelength  X1 
from  the  light  source  621  in  the  step  SP24.  Thus, 
the  ultrashort  light  pulses  of  the  wavelength  X1 
generated  from  the  light  source  621  are  branched 
to  the  sample  light  transmitting  path  801  and  the 
sample  light  path  79  through  the  optical  branching 
portion  85,  so  as  to  be  supplied  to  the  scanner 
portion  51  through  the  shutter  61  1  . 

The  sample  light  is  irradiated  from  the  cell  51  1 
of  the  scanner  portion  51  to  the  organ  with  a 
predetermined  opening  angle  6  as  shown  in  Fig. 
16.  The  sample  light  pulses  transmitted  through  the 
organ  are  received  for  example  by  a  cell  51  ml. 

On  the  other  hand,  in  the  step  SP25,  the  CPU 
64  set  a  constant  I  to  1  .  This  constant  I  is  used  to 
designate  opening  of  any  of  the  shutters  821  to 
82n  provided  in  the  sample  light  receiving  paths 
811  to  81  n.  When  the  constant  I  =  1  is  set  by  the 
CPU  64,  the  shutter  driving  circuit  70  opens  the 
designated  shutter  in  the  step  SP26.  As  a  result, 
the  sample  light  pulses  received  by  the  cell  51  ml 
for  example  in  the  scanner  portion  51  are  guided  to 

the  lens  75  through  the  corresponding  sample  light 
receiving  path. 

In  the  meantime,  the  CPU  64  sets  a  delay  time 
of  the  reference  light  pulses  through  the  delay  path 

5  78  in  the  step  SP27.  More  specifically,  the  CPU  64 
sets  the  delay  time  so  that  a  time  required  for  the 
sample  light  pulses  to  attain  the  lens  75  through 
the  sample  light  transmitting  path,  the  organ  and 
the  sample  light  receiving  path  is  equal  to  a  time 

io  required  for  the  reference  light  pulses  to  attain  the 
lens  75  through  the  reference  light  path  79. 

The  reference  light  pulses  and  the  sample  light 
pulses  are  collected  by  the  lens  75  so  as  to  enter 
the  optical  crystal  74.  Then,  the  second  harmonic 

is  is  generated  by  the  optical  crystal  74  and  the 
second  harmonic  enters  the  photomultiplier  72 
through  the  filter  73.  The  photon  counter  71  counts 
photons  based  on  an  output  of  the  photomultiplier 
72  and  the  count  output  is  supplied  to  the  CPU  64. 

20  The  CPU  64  evaluates  S(t)  based  on  the  output  of 
the  photon  counter  71  in  the  step  SP28  in  the 
same  manner  as  described  above,  so  that  the 
result  of  the  evaluation  is  stored  in  the  RAM  66. 
Further,  the  CPU  64  determines  in  the  step  SP29 

25  whether  S(t)  is  So  or  not.  If  it  is  not  S0,  the  above 
described  steps  SP27  to  SP29  are  repeated. 

When  it  is  determined  that  S(t)  is  So,  the  CPU 
64  stores  the  So  1  (1  ,  ml)  in  the  RAM  66  in  the  step 
SP30.  Further  in  the  step  SP31,  the  CPU  64  incre- 

30  ments  the  constant  1  by  1.  Thus,  a  cell  51  m2 
adjacent  to  the  cell  51  ml  of  the  scanner  portion  51 
is  enabled  to  receive  the  sample  light  pulses.  The 
CPU  64  determines  in  the  step  SP32  whether  the 
constant  I  is  n  or  not.  Thus,  it  is  determined 

35  whether  the  respective  shutters  of  the  sample  light 
receiving  paths  81  1  to  81  n  have  been  successively 
opened  or  not.  If  the  constant  I  is  not  n,  the  CPU 
64  opens  the  shutter  corresponding  to  the  cell 
51  m2  of  the  scanner  portion  51  in  the  step  SP26. 

40  By  repetition  of  the  above  described  operation,  the 
sample  light  pulses  of  the  wavelength  X1  are  irradi- 
ated  to  the  organ  and  the  sample  light  pulses 
received  by  the  cells  of  the  scanner  portion  51  are 
successively  guided  to  the  optical  crystal  74, 

45  whereby  the  values  Soi(1,  m2),  Soi(1,  m3)  to  S01- 
(1,  n)  are  stored  by  means  of  the  photon  counter 
71. 

Subsequently,  the  CPU  64  increments  the  con- 
stant  i  by  1  in  the  step  SP33  to  generate  ultrashort 

50  light  pulses  of  the  wavelength  X2  and  determines  in 
the  step  SP34  whether  the  constant  i  is  3  or  not.  If 
the  constant  is  not  3,  ultrashort  light  pulses  of  the 
wavelength  X2  are  generated  from  the  light  source 
622  in  the  step  SP24.  Then,  in  the  same  manner 

55  as  described  above,  the  steps  SP25  to  SP33  are 
repeated  so  that  So2(1,  ml),  So2(1,  m2)  to  So2(1,  n) 
are  obtained. 

The  CPU  64  repeats  the  operations  of  the 
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steps  SP24  to  SP34  for  the  light  pulses  of  the 
wavelength  X2.  Then,  the  SPU  64  further  incre- 
ments  the  constant  i  by  1  and  repeats  the  oper- 
ations  of  the  steps  SP24  to  SP34  for  the  light 
pulses  of  the  wavelength  X3.  When  the  CPU  64 
determines  in  the  step  SP34  that  the  constant  i  is 
3,  the  CPU  64  increments  the  constant  k  by  1  in 
the  step  SP35  to  open  the  shutter  612  provided  in 
the  sample  light  transmitting  path  802.  The  CPU  64 
determines  in  the  step  SP36  whether  the  constant 
k  is  n  or  not.  Thus,  it  is  determined  whether  the 
respective  shutters  611  to  61  n  have  been  succes- 
sively  opened  or  not.  If  the  constant  k  is  not  n,  the 
CPU  64  repeats  the  steps  SP22  to  SP34  and 
stores  the  S0i(k,  I  )  (i  being  1  ,  2  or  3,  and  k  and  I 
being  any  of  1  to  n)  in  the  RAM  66  based  on  the 
ultrashort  light  pulses  of  the  wavelengths  X1  to  X3. 
When  it  is  determined  in  the  step  SP36  that  the 
constant  k  is  n,  the  CPU  64  processes  data  accord- 
ing  to  algorithms  for  evaluating  the  quantity  of 
hemoglobin  in  blood,  the  saturation  degree  of  oxy- 
gen,  Cytaa3  and  the  like  to  obtain  tomographic 
images  concerning  the  quantity  of  hemoglobin,  the 
oxygenation  degrees,  Cytaa3  and  the  like  in  the 
brain.  The  results  are  displayed  on  the  display 
device  67  in  the  step  SP38  and  they  are  printed  by 
the  printer  68  in  the  step  SP39. 

Although  the  head  of  a  human  body  is  exam- 
ined  in  the  above  described  embodiments,  the 
body  to  be  examined  is  not  limited  to  the  head  of  a 
human  body.  The  form  of  the  scanner  portion  51 
may  be  changed  suitably  according  to  a  bodily  part 
to  be  examined,  whereby  oxygenation  degrees  and 
other  data  of  the  examined  body  can  be  appro- 
priately  measured. 

In  addition,  parameters  of  measurement  are  not 
limited  to  the  oxygenation  and  the  like  in  the  brain 
blood.  Other  parameters  may  be  applied  insofar  as 
they  are  information  of  tissue  metabolism  obtained 
by  measurement  of  absorption  degrees  of  light. 

Claims 

1.  A  tissue  metabolism  measuring  apparatus  for 
measuring  tissue  metabolism  of  a  living  body 
of  a  being  to  be  examined  by  transmitting  light 
in  said  body,  comprising: 

light  sources  (31  ,  32,  33)  for  emitting  rays 
of  ultrsahort  light  pulses  of  a  plurality  of  dif- 
ferent  wavelengths, 

optical  paths  (37,  38,  39,  40,  41,  43)  for 
branching  the  rays  emitted  from  said  light 
sources  to  a  reference  beam  and  a  sample 
beam  and  guiding  said  sample  beam  to  said 
body, 

delay  means  (48,  49,  50)  provided  in  said 
optical  paths  for  delaying  either  said  reference 
beam  or  said  sample  beam, 

collecting  means  (44)  for  collecting  said 
reference  beam  and  said  sample  beam  trans- 
mitted  through  said  body, 

second  harmonic  generating  means  (45) 
5  for  generating  a  second  harmonic  based  on 

the  beams  collected  by  said  collecting  means, 
second  harmonic  detecting  means  (51)  for 

detecting  the  second  harmonic  generated  by 
said  second  harmonic  generating  means, 

io  measurement  evaluation  means  (52)  for 
counting  photons  outputted  from  said  second 
harmonic  detecting  means,  evaluating  an  aver- 
age  value  by  averaging  count  values  for  a 
predetermined  number  of  counting  cycles, 

is  changing  a  delay  amount  of  either  said  sample 
beam  or  said  reference  beam  caused  by  said 
delay  means  based  on  said  average  value,  and 
outputting,  based  on  a  delay  time  correspond- 
ing  to  the  delay  amount  and  an  average  value 

20  of  photons  in  said  delay  time,  a  photon  aver- 
age  value  obtained  by  averaging  count  values 
of  photons  of  said  second  harmonic  when  the 
delay  amount  of  said  sample  beam  with  re- 
spect  to  the  reference  beam  transmitted 

25  through  said  body  is  zero,  and 
control  means  (53)  for  controlling  said  light 

sources  and  said  measurement  evaluation 
means  to  store  photon  average  values  for  the 
respective  wavelengths  and  evaluating  and 

30  outputting  the  tissue  metabolism  in  said  body 
based  on  the  photon  average  values  for  the 
respective  wavelengths. 

2.  A  tissue  metabolism  measuring  apparatus  in 
35  accordance  with  claim  1  ,  wherein 

said  optical  paths  include 
optical  branching  means  (38,  39)  for 

branching  the  rays  emitted  from  said  light 
sources  to  the  reference  beam  and  the  sample 

40  beam, 
a  reference  optical  path  (39)  for  guiding 

the  reference  beam  branched  by  said  optical 
branching  means  to  said  collecting  means,  and 

a  sample  optical  path  (43)  for  guiding  the 
45  sample  beam  branched  by  said  optical  branch- 

ing  means  to  said  body  and  guiding  the  sam- 
ple  beam  transmitted  through  said  body  to 
said  collecting  means. 

50  3.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  1  ,  further  comprising 

filter  means  (46)  provided  between  said 
second  harmonic  generating  means  and  said 
second  harmonic  detecting  means,  for  permit- 

55  ting  only  transmission  of  said  second  harmon- 
ic. 

4.  A  tissue  metabolism  measuring  apparatus  in 
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accordance  with  claim  1  ,  wherein 
said  control  means  comprises  means  for 

evaluating  oxygenation  degree  of  hemoglobin, 
a  quantity  of  hemoglobin,  and  oxidation-reduc- 
tion  degrees  of  Cytaa3  as  the  tissue  metabo- 
lism  in  said  body. 

for  shielding  the  sample  beams  supplied  from 
said  optical  branching  means,  wherein 

said  control  means  includes  first  shield 
driving  means  (69)  for  opening  any  of  said  first 

5  shielding  means. 

11.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  9,  further  comprising 

a  plurality  of  second  shield  means  (821  to 
io  82n)  provided  corresponding  to  said  plurality  of 

sample  beam  receiving  paths,  respectively,  for 
shielding  the  sample  beam  transmitted  through 
said  living  body,  wherein 

said  control  means  includes  second  shield 
is  driving  means  (70)  for  opening  any  of  said 

second  shield  means. 

12.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  1  ,  wherein 

20  said  control  means  includes  light  emission 
control  means  (534,  535,  536,  537)  for  selec- 
tively  emitting  any  one  of  the  rays  of  the 
different  wavelengths  from  said  light  sources. 

A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  4,  further  comprising 

display  means  (55)  for  displaying  the  tis-  10 
sue  metabolism  in  said  living  body,  evaluated 
by  said  control  means. 

A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  4,  further  comprising  15 

printing  means  (54)  for  printing  the  tissue 
metabolism  in  said  living  body,  evaluated  by 
said  control  means. 

A  tissue  metabolism  measuring  apparatus  in  20 
accordance  with  claim  3,  wherein 

said  second  harmonic  generating  means 
includes  a  non-linear  optical  crystal  (45). 

8.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  1  ,  wherein 

said  light  sources  include  a  plurality  of 
light  sources  (31  ,  32,  33)  for  emitting  the  rays 
of  the  different  wavelengths,  and 

means  (34,  35,  36)  for  collecting  the  rays 
emitted  by  said  plurality  of  light  sources  and 
guiding  the  collected  rays  to  said  optical  paths. 

9.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  2,  further  comprising 

a  scanner  portion  (51)  formed  in  a  shape 
of  a  ring  surrounding  the  living  body  of  said 
being  and  including  a  plurality  of  cells  pro- 
vided  at  predetermined  intervals  along  an  inner 
surface  thereof,  wherein 

said  sample  optical  path  includes 
a  plurality  of  sample  beam  transmitting 

paths  (801  to  80n)  having  respective  ends  in 
the  cells  of  said  scanner  portion,  opposed  to 
said  living  body,  the  sample  beam  branched 
by  said  optical  branching  means  being  applied 
to  the  respective  other  ends  of  said  paths,  and 

a  plurality  of  sample  beam  receiving  paths 
(811  to  81  n)  for  guiding  the  sample  beam 
transmitted  through  said  living  body  and  re- 
ceived  by  respective  ends  of  said  paths  to  said 
collecting  means. 

10.  A  tissue  metabolism  measuring  apparatus  in 
accordance  with  claim  9,  further  comprising 

a  plurality  of  first  shield  means  (611  to 
61  n)  provided  corresponding  to  said  plurality  of 
sample  beam  transmitting  paths,  respectively, 

25  Revendicatlons 

1.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
pour  mesurer  le  metabolisme  d'un  tissu  de 
I'organisme  d'un  etre  vivant  devant  etre  exami- 

30  ne  par  transmission  de  lumiere  au  travers  dudit 
organisme,  comprenant: 

des  sources  de  lumiere  (31,  32,  33)  pour 
emettre  des  rayons  d'impulsions  lumineuses 
ultra-courtes  a  plusieurs  longueurs  d'ondes  dif- 

35  ferentes, 
des  trajets  optiques  (37,  38,  39,  40,  41, 

43)  pour  diviser  les  rayons  emis  par  lesdites 
sources  de  lumiere  en  un  faisceau  de  referen- 
ce  et  un  faisceau  echantillon  et  guider  ledit 

40  faisceau  echantillon  vers  ledit  organisme, 
un  moyen  de  retard  (48,  49,  50)  dispose 

sur  lesdits  trajets  optiques  pour  retarder  soit 
ledit  faisceau  de  reference,  soit  ledit  faisceau 
echantillon, 

45  un  moyen  capteur  (44)  pour  capter  ledit 
faisceau  de  reference  et  ledit  faisceau  echantil- 
lon  transmis  au  travers  dudit  organisme, 

un  moyen  generateur  de  deuxieme  harmo- 
nique  (45)  pour  produire  un  deuxieme  harmo- 

50  nique  a  partir  des  faisceaux  captes  par  ledit 
moyen  capteur, 

un  moyen  detecteur  de  deuxieme  harmo- 
nique  (51)  pour  detecter  le  deuxieme  harmoni- 
que  produit  par  ledit  moyen  generateur  de 

55  deuxieme  harmonique, 
un  moyen  devaluation  de  la  mesure  (52) 

pour  compter  les  photons  sortant  dudit  moyen 
de  detection  de  deuxieme  harmonique,  evaluer 
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une  valeur  moyenne  par  moyennage  des  va- 
leurs  comptees  pendant  un  nombre  predeter- 
mine  de  cycles  de  comptage,  modifier  le  re- 
tard  soit  dudit  faisceau  echantillon,  soit  dudit 
faisceau  de  reference,  provoque  par  ledit  5 
moyen  de  retard  en  fonction  de  ladite  valeur 
moyenne,  et  fournir  en  sortie,  en  fonction  d'un 
temps  de  retard  correspondant  au  retard  et  a 
une  valeur  moyenne  des  photons  au  cours 
dudit  temps  de  retard,  une  valeur  moyenne  10 
des  photons  obtenue  par  moyennage  des  va- 
leurs  comptees  des  photons  dudit  deuxieme 
harmonique  lorsque  le  retard  dudit  faisceau 
echantillon  par  rapport  au  faisceau  de  referen- 
ce  transmis  au  travers  dudit  organisme  est  nul,  is 
et 

un  moyen  de  commande  (53)  pour  com- 
mander  lesdites  sources  de  lumiere  et  ledit 
moyen  devaluation  de  la  mesure  afin  de  stac- 
ker  les  valeurs  moyennes  des  photons  corres-  20 
pondant  aux  longueurs  d'ondes  respectives  et 
evaluer  puis  fournir  en  sortie  le  metabolisme 
du  tissu  dans  ledit  organisme  en  fonction  des 
valeurs  moyennes  des  photons  correspondant 
aux  longueurs  d'ondes  respectives.  25 

Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  1  ,  dans  lequel 

lesdits  trajets  optiques  comportent 
un  moyen  de  division  optique  (38,  39)  pour  30 

diviser  les  rayons  emis  par  lesdites  sources 
lumineuses  en  faisceau  de  reference  et  en 
faisceau  echantillon, 

un  trajet  optique  de  reference  (39)  pour 
guider  le  faisceau  de  reference  divise  par  ledit  35 
moyen  de  division  optique  vers  ledit  moyen 
capteur,  et 

un  trajet  optique  echantillon  (43)  pour  gui- 
der  le  faisceau  echantillon  divise  par  ledit 
moyen  de  division  optique  vers  ledit  organi-  40 
sme  et  guider  le  faisceau  echantillon  transmis 
au  travers  dudit  organisme  vers  ledit  moyen 
capteur. 

Appareil  de  mesure  du  metabolisme  d'un  tissu  45 
pour  mesurer  le  metabolisme  d'un  tissu  selon 
la  revendication  1  ,  comprenant  en  outre: 

un  moyen  de  filtrage  (46)  dispose  entre 
ledit  moyen  generateur  de  deuxieme  harmoni- 
que  et  ledit  moyen  de  detection  de  deuxieme  so 
harmonique,  pour  ne  permettre  la  transmission 
que  dudit  deuxieme  harmonique. 

Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  1  ,  dans  lequel  55 

ledit  moyen  de  commande  comprend  un 
moyen  pour  evaluer  I'indice  d'oxygenation  de 
I'hemoglobine,  une  quantite  d'hemoglobine,  et 

les  degres  d'oxydo-reduction  du  Cytaa3  en 
tant  que  metabolisme  du  tissu  dans  ledit  orga- 
nisme. 

5.  Appareil  de  mesure  du  metabolisme  d'un  tissu, 
selon  la  revendication  4,  comprenant  en  outre: 

un  moyen  d'affichage  (55)  pour  afficher  le 
metabolisme  du  tissu  evalue  par  ledit  moyen 
de  commande  dans  ledit  organisme  vivant. 

6.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  4,  comprenant  en  outre: 

un  moyen  d'impression  (54)  pour  imprimer 
le  metabolisme  du  tissu  evalue  par  ledit 
moyen  de  commande  dans  ledit  organisme 
vivant. 

8.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  1  ,  dans  lequel 

lesdites  sources  de  lumiere  comportent 
une  pluralite  de  sources  de  lumiere  (31,  32, 
33)  pour  emettre  les  rayons  de  longueurs  d'on- 
des  differentes,  et 

un  moyen  (34,  35,  36)  pour  capter  les 
rayons  emis  par  ladite  pluralite  de  sources  de 
lumiere  et  guider  les  rayons  captes  vers  les- 
dits  trajets  optiques. 

9.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  2,  comprenant  en  outre 
une  partie  exploratrice  (51)  realisee  sous  la 
forme  d'un  anneau  entourant  I'organisme  dudit 
etre  vivant  et  comportant  une  pluralite  de  cellu- 
les  disposees  a  des  intervalles  predetermines 
le  long  d'une  surface  interieure  de  celui-ci, 
dans  laquelle: 

ledit  trajet  optique  echantillon  comporte: 
une  pluralite  de  trajets  de  transmission  de 

faisceau  (801  a  80n)  ayant  des  extremites  res- 
pectives  dans  les  cellules  de  ladite  partie  ex- 
ploratrice,  opposees  audit  organisme  vivant,  le 
faisceau  echantillon  divise  par  ledit  moyen  de 
division  optique  etant  applique  aux  autres  ex- 
tremites  respectives  desdits  trajets,  et 

un  pluralite  de  trajets  de  reception  de  fais- 
ceau  echantillon  (811  a  80n)  pour  guider  le 
faisceau  echantillon  transmis  au  travers  dudit 
organisme  vivant  et  regu  par  les  extremites 
respectives  desdits  trajets,  vers  ledit  moyen 
capteur. 

10.  Appareil  de  mesure  du  metabolisme  d'un  tissu 

7.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  3,  dans  lequel: 

20  ledit  moyen  generateur  de  deuxieme  har- 
monique  comporte  un  quartz  optique  non  li- 
neaire  (45). 
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selon  la  revendication  9,  comprenant  en  outre: 
une  pluralite  de  premiers  moyens  formant 

ecrans  (611  a  61  n)  disposes  en  corresponden- 
ce  avec  ladite  pluralite  de  trajets  respectifs  de 
transmission  du  faisceau  echantillon  pour  for- 
mer  un  ecran  au  faisceau  echantillon  provenant 
dudit  moyen  de  division  optique,  dans  lequel 

ledit  moyen  de  commande  comporte  un 
premier  moyen  d'entrainement  d'ecran  (69) 
pour  ouvrir  I'un  quelconque  desdits  premiers 
moyens  formant  ecrans. 

11.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  9,  comprenant  en  outre: 

une  pluralite  de  seconds  moyens  formant 
ecrans  (821  a  82n)  disposes  en  corresponden- 
ce  avec  ladite  pluralite  de  trajets  respectifs  de 
reception  de  faisceau  echantillon,  pour  former 
un  ecran  au  faisceau  echantillon  transmis  au 
travers  dudit  organisme  vivant,  dans  lequel: 

ledit  moyen  de  commande  comporte  un 
second  moyen  d'entrainement  d'ecran  (70) 
pour  ouvrir  I'un  quelconque  desdits  seconds 
moyens  formant  ecrans. 

12.  Appareil  de  mesure  du  metabolisme  d'un  tissu 
selon  la  revendication  1  ,  dans  lequel 

ledit  moyen  de  commande  comporte  un 
moyen  de  commande  d'emission  lumineuse 
(534,  535,  536,  537)  pour  emettre  selective- 
ment  I'un  quelconque  des  rayons  de  differen- 
tes  longueurs  d'ondes  provenant  desdites 
sources  de  lumiere. 

Patentanspruche 

1.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  zum  Messen  des  Gewebeme- 
tabolismus  eines  lebenden  Korpers  eines  da- 
durch  zu  untersuchenden  Wesens,  da/S  Licht  in 
dem  Korper  ubertragen  wird,  umfassend: 

-  Lichtquellen  (31,  32,  33)  zum  Aussenden 
von  Strahlen  ultrakurzer  Lichtimpulse  ei- 
ner  Vielzahl  von  verschiedenen  Wellen- 
langen, 

-  optischen  Wegen  (37,  38,  39,  40,  41  ,  43) 
zum  Verzweigen  der  von  den  Lichtquel- 
len  abgegebenen  Strahlen  in  einen  Be- 
zugsstrahl  und  einen  Me/Sstrahl  und  zum 
Fuhren  des  Me/Sstrahls  zum  Korper, 

-  Verzogerungseinrichtungen  (48,  49  50), 
die  in  den  optischen  Wegen  vorgesehen 
sind,  urn  entweder  den  Bezugsstrahl 
oder  den  Me/Sstrahl  zu  verzogern, 

-  Sammeleinrichtungen  (44)  zum  Sammeln 
des  Bezugsstrahls  und  des  durch  den 
Korper  ubertragenen  Me/Sstrahls, 

-  Zweite-Oberwellengeneratoreinrichtungen 

(45)  zum  Erzeugen  einer  zweiten  Ober- 
welle  auf  der  Grundlage  der  durch  die 
Sammeleinrichtung  gesammelten  Strah- 
len, 

5  -  Zweite- 
Oberwellenerfassungseinrichtungen  (51  ) 
zum  Erfassen  der  durch  die  Oberwellen- 
generatoreinrichtung  erzeugten  zweiten 
Oberwelle, 

io  -  Me/Sauswertungseinrichtungen  (52)  zum 
Zahlen  der  Photonen,  die  von  der  der 
Oberwellenerfassungseinrichtung  abge- 
geben  werden,  zum  Errechnen  eines  Mit- 
telwerts  durch  Mittlung  der  Zahlwerte  fur 

is  eine  vorgegebene  Anzahl  von  Zyklen, 
zum  Verandern  der  Verzogerungsgro/Se 
entweder  des  Me/Sstrahls  oder  des  Be- 
zugsstrahls,  die  durch  die  Verzogerungs- 
einrichtung  aufgrund  des  Mittelwerts  be- 

20  wirkt  wird,  und  urn  auf  der  Grundlage 
einer  der  Verzogerungsgro/Se  entspre- 
chenden  Verzogerungszeit  und  eines 
Photonenmittelwerts  fur  die  Verzoge- 
rungszeit  einen  Photonenmittelwert  abzu- 

25  geben,  der  durch  Mittlung  der  Photonen- 
zahlwerte  der  zweiten  Oberwelle  erhalten 
wird,  wenn  die  Verzogerungsgro/Se  des 
Me/Sstrahls  bezogen  auf  den  durch  den 
Korper  ubertragenen  Bezugsstrahl  Null 

30  ist,  und 
-  Steuereinrichtungen  (53)  zum  Steuern 

der  Lichtquellen  und  der  Me/Sauswer- 
tungseinrichtung,  urn  Photonenmittelwer- 
te  fur  die  entsprechenden  Wellenlangen 

35  zu  speichern,  und  zum  Auswerten  des 
Gewebemetabolismus  in  dem  Korper 
und  zum  Abgeben  von  diesbezuglichen 
Daten  auf  der  Grundlage  der  Photonen- 
mittelwerte  fur  die  entsprechenden  Wel- 

40  lenlangen. 

2.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  1,  wobei  die 
optischen  Wege  aufweisen: 

45  -  optische  Verzweigungseinrichtungen  (38, 
39)  zum  Verzweigen  der  von  den  Licht- 
quellen  erzeugten  Strahlen  in  den  Be- 
zugsstrahl  und  den  Me/Sstrahl, 

-  einen  optischen  Bezugsweg  (39)  zum 
50  Leiten  des  durch  die  optische  Verzwei- 

gungseinrichtung  abgezweigten  Bezugs- 
strahls  zur  Sammeleinrichtung,  und 

-  einen  optischen  Me/Sstrahlengang  (43) 
zum  Leiten  des  durch  die  optische  Ver- 

55  zweigungseinrichtung  abgezweigten 
Me/Sstrahls  zum  Korper  und  zum  Leiten 
des  durch  den  Korper  ubertragenen 
Me/Sstrahls  zur  Sammeleinrichtung. 
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3.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  1  ,  welche  wei- 
terhin  Filtereinrichtungen  (46)  umfa/St,  die  zwi- 
schen  der  Obervellengeneratoreinrichtung  und 
der  Oberwellenerfassungseinrichtung  vorgese-  5 
hen  sind,  urn  nur  die  Ubertragung  der  zweiten 
Oberwelle  zu  gestatten. 

4.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  1,  wobei  die  10 
Steuereinrichtung  Einrichtungen  zum  Auswer- 
ten  des  Oxygenisierungsgrades  des  Hamoglo- 
bins,  der  Hamoglobinmenge  und  des 
Oxidations/Reduktionsgrades  von  Cytaa3  als 
Gewebemetabolismus  in  dem  Korper  umfa/St.  is 

5.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  4,  welche  wei- 
terhin  Anzeigeeinrichtungen  (44)  zum  Anzeigen 
des  durch  die  Steuereinrichtung  ausgewerteten  20 
Gewebemetabolismus  in  dem  lebenden  Korper 
umfa/St. 

6.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Ansrpuch  4,  welcher  wei-  25 
terhin  Druckeinrichtungen  (54)  zum  Ausdruk- 
ken  des  durch  die  Steuereinrichtung  ausgewer- 
teten  Gewebemetabolismus  in  dem  lebenden 
Korper  umfa/St. 

30 
7.  Vorrichtung  zur  Messung  des  Metabolismus 

eines  Gewebes  nach  Anspruch  3,  wobei  die 
Einrichtung  zum  Erzeugen  der  zweiten  Ober- 
welle  einen  nicht  linearen  optischen  Kristall 
(45)  umfa/St.  35 

8.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  1  ,  wobei 

-  die  Lichtquellen  eine  Vielzahl  von  Licht- 
quelle  (31,  32,  33)  zum  Aussenden  von  40 
Strahlen  verschiedener  Wellenlangen, 
und 

-  Einrichtungen  (34,  35,  36)  zum  Sammeln 
der  von  der  Vielzahl  von  Lichtquellen  ab- 
gegebenen  Strahlen  und  zum  Fuhren  der  45 
Strahlen  zu  den  optischen  Strahlengan- 
gen  umfassen. 

9.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  2,  welche  wei- 
terhin  aufweist: 

-  eine  Scannereinheit  (51),  die  in  Form  ei- 
nes  den  Korper  des  Lebewesens  umge- 
benden  Rings  ausgebildet  ist  und  eine 
Vielzahl  von  Zellen  aufweist,  die  in  vor- 
gegebenen  Abstanden  entlang  einer  in- 
neren  Oberflache  derselben  vorgesehen 
sind,  wobei  der  optische  Me/Sstrahlen- 

gang  umfa/St: 
-  eine  Vielzahl  von  Mepstrahl- 

Ubertragungs-Strahlengangen  (801  bis 
80n),  die  entsprechende  Enden  in  den 

5  Zellen  des  dem  Korper  gegenuberliegen- 
den  Me/Sbereichs  haben,  wobei  der 
durch  die  optische  Verzweigungseinrich- 
tung  abgezweigte  Me/Sstrahl  auf  das  ent- 
sprechend  andere  Ende  der  Wege  ange- 

io  wendet  wird,  und 
-  eine  Vielzahl  von  Me/Sstrahl-Empfangs- 

Strahlengangen  (811  bis  81  n)  zum  Leiten 
des  durch  den  lebenden  Korper  ubertra- 
genen  und  von  den  jeweiligen  Enden  der 

is  Strahlengange  empfangenen  Me/Sstrahls 
zu  den  Sammeleinrichtungen. 

10.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  9,  welche  wei- 

20  terhin  umfa/St: 
-  eine  Vielzahl  von  ersten  Abschirmeinrich- 

tungen  (611  bis  61  n),  die  so  vorgesehen 
sind,  da/S  sie  der  Vielzahl  von  jeweiligen 
Me/Sstrahl-Obertragungs-Strahlengangen 

25  entsprechen,  zum  Abschirmen  der  von 
der  optischen  Verzweigungseinrichtung 
gelieferten  Me/Sstrahlen,  wobei 

-  die  Steuereinrichtung  erste  Abschirmbe- 
triebsbereiche  (69)  zum  Offnen  jeder  der 

30  ersten  Abschirmeinrichtungen  aufweist. 

11.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  9,  welche  wei- 
terhin  aufweist: 

35  -  eine  Vielzahl  von  zweiten  Abschirmein- 
richtungen  (821  bis  82n),  die  so  vorgese- 
hen  sind,  da/S  sie  der  Vielzahl  von  jeweili- 
gen  Me/Sstrahl-Empfangs-Strahlengangen 
entsprechen,  zum  Abschirmen  des  durch 

40  den  lebenden  Korper  ubertragenen  Me/S- 
strahls,  wobei 

-  die  Steuereinrichtung  zweite  Abschirm- 
betriebsbereiche  (70)  zum  Offnen  jeder 
der  zweiten  Abschirmeinrichtungen  auf- 

45  weist. 

12.  Vorrichtung  zur  Messung  des  Metabolismus 
eines  Gewebes  nach  Anspruch  1,  wobei  die 
Steuereinrichtung  Lichtemissionssteuereinrich- 

50  tungen  (534,  535,  536,  637)  zum  selektiven 
Abstrahlen  jedes  der  Strahlen  unterschiedlicher 
Wellenlangen  von  den  Lichtquellen  umfa/St. 

12 
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